Fifteen sodium salts of mono and di-substituted N-bromobenzene-sulphonamides of the configuration, 4-X-C 6 H 4 SO 2 NaNBr (where X = H; CH 3 ; C 2 H 5 ; F; Cl; Br; or NO 2 ) and i-X,j-YC 6 H 3 SO 2 NaNBr (where i-X, j-Y = 2,3-(CH 3 ) 2 ; 2,4-(CH 3 ) 2 ; 2,5-(CH 3 ) 2 ; 2-CH 3 ,4-Cl; 2-CH 3 ,5-Cl; 3-CH 3 ,4-Cl; 2,4-Cl 2 or 3,4-Cl 2 ) are prepared and characterised by measuring their infrared spectra in the solid state and NMR spectra in solution. 
Introduction
The chemistry of sulphonamides is of interest as they show distinct physical, chemical and biological properties. Many arylsulphonamides and their Nhalo compounds exhibit pharmacological, fungicidal and herbicidal activities due to their oxidising action in aqueous, partial aqueous and non-aqueous media [1 -9] . In an effort to introduce N-haloarylsulphonamides of different oxidising strengths, we have recently reported the preparation, spectroscopic and structural studies of several arylsulphonamides, N-chloroarylsulphonamides and N,N-dichloroarylsulphonamides [10 -13] . The present paper reports the results of infrared and NMR ( 1 H and 13 C) spectral studies of fifteen sodium salts of N-bromosubstitutedbenzenesulphonamides of the configuration, 4-X-C 6 H 4 SO 2 NaNBr (where X = H; CH 3 ; C 2 H 5 ; F; Cl; Br or NO 2 ) and i-X, j-Y C 6 H 3 SO 2 NaNBr (where i-X, j-Y = 2,3-(CH 3 ) 2 ; 2,4-(CH 3 ) 2 ; 2,5-(CH 3 ) 2 ; 2-CH 3 ,4-Cl; 2-CH 3 ,5-Cl; 3-CH 3 ,4-Cl; 2,4-Cl 2 or 3,4-Cl 2 ). 
Experimental

Materials and Methods
Preparation of sodium salts o f N -b r o m o a r y l s u l p h o n a m i d e s
The arylsulphonamides were prepared by the chlorosulphonation of substituted benzenes to the respective sulphonylchlorides and subsequent treatment of the latter with concentrated ammonium hydroxide by the procedures reported in [10 -17] sulphonamides were recrystallised to their constant melting point (Table 1 ) from dilute ethanol and dried at 105 • C. The purity of all the compounds was checked by recording their infrared spectra. The sulphonamides were then N-chlorinated to obtain sodium salts of N-chloro-arylsulphonamides [11] . Pure chlorine gas was bubbled through solutions of substituted benzenesulphonamides in 4 mol dm −3 NaOH at 70 • C for about 1 h. The precipitated sodium salts of N-chlorosubstituted benzenesulphonamides (CASB) were filtered, washed, dried and recrystallised from water. The purity of all the reagents was checked by determining the melting points and estimation of the amounts of active chlorine present in them [11, 18] . The N-bromosubstituted benzensulphonamides were prepared by partial debromination of N,N-dibromosubstituted benzenesulphonamides. The latter were obtained by the bromination of aqueous solution of N-chloro-substituted benzenesulphonamides. About 4 cm 3 of liquid bromine was added dropwise from a microburette to a solution of about 20 gm of N-chloro-substituted benzenesulphonamides in 400 cm 3 water, with constant stirring of the solution at room temperature. N,N-dibromosubstituted benzenesulphonamides separated out were filtered under suction, washed thoroughly with water until all the bromine adsorbed on the compound was completely eliminated and then dried in a vacuum desiccator for 24 h. N-bromosubstituted benzenesulphonamides were then obtained by dissolving N,N-dibromosubstituted benzenesulphonamides in 4 mol dm −3 NaOH. About 20 g of each N,N-dibromosubstituted benzenesulphonamide were dissolved with stirring in 30 cm 3 of 4 mol dm −3 NaOH at room temperature. The resultant aqueous solution was cooled in ice. The pale yellow crystals of the N-bromosubstituted benzenesulphonamides were filtered under suction, washed quickly with a minimum of ice cold water and dried over phosphorus pentoxide. The purity of all N-bromosubstituted benzenesulphonamides was checked by determining the melting points (Table 1) and estimating the amounts of active bromine present in them.
Spectral Measurements
Infrared spectral measurements were made on a JASCO FT-IR-430 spectrophotometer (Japan). The resolution was set to 2 cm −1 and the scanning range was from 400 to 4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm).
The proton NMR spectra of the compounds were measured on a BRUKER Ac 300F, 300 MHz FT-NMR Table 7 . 13 C NMR observed and calculated δ (ppm) values of sodium salts of Nbromo-monosubstituted benzenesulphonamides. Table 8 . 13 C NMR observed and calculated δ (ppm) values of sodium salts of N-bromo-disubstituted benzenesulphonamides. 
Results and Discussion
Infrared Spectra
The selected infrared absorption frequencies of the studied salts are shown in Tables 2 and 3 Table 9 . Incremental shifts of the aromatic carbon atoms of monosubstituted benzenes (ppm from benzene at 128.5 ppm, +downfield, −upfield). (Tables 2 and 3) are similar to those in arylsulphonamides [10] , Nchloroarylsulphonamides [11] and other aromatic organic compounds [19, 20] . The precise frequency or wavelength at which a specific group absorbs is dependent on its electron environment within the molecule and on its physical state. Tables 4  and 5 . Since the chemical shift is dependent on the electron density around the nucleus or associated with the atom to which it is bonded, the chemical shifts of aromatic protons in all the N-bromoarylsulphonamides have been calculated by adding substituent contributions (Table 6 ) to the shift of benzene (7.27 ppm), as per the principle of substituent addition:
NMR (
The incremental shifts of the aromatic protons (ppm from those of benzene proton values of 7.27) for different substituents are shown in Table 6 and are used in the calculation. The shifts in aromatic protons due to -SO 2 Tables 4 and 5 . There is good agreement between the calculated and experimental chemical shifts. 13 C N M R S p e c t r a : The 13 C chemical shifts of sodium salts of N-bromo-substituted benzenesulphonamides are shown in Tables 7 and 8 . The chemical shifts of the aromatic carbon-13 in all the N-bromoarylsulphonamides have also been calculated by adding the substituent contribution to the shift of benzene (128.5 ppm), similar to the procedure employed with aromatic protons. These incremental shifts for different substituents [19, 21] are shown in Table 9 and used in the calculation. The shifts in aromatic protons due to -SO 2 NaNBr were calculated comparing the values of the sodium salt of Nbromobenzenesulphonamide with those of the benzene carbon-13 value of 128.5 ppm. The values are 13 C-1 = +12.89, 13 C-4 = +5.22, 13 C-2 or 6 = −1.99 and 13 C-3 or 5 = +2.03. The calculated chemical shifts for different aromatic carbons are also shown in Tables 7 and 8 . The agreement between the calculated and experimental chemical shifts is quite good.
